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Executive Summary \

This final rule will establish airspace in the Pacific in which

reduced vertical separation minimum (RVSM) may be applied. The

existing Federal Aviation Regulations establish a lOOO-foot

vertical separation minimum between flight level 290 and flight

level 410 in certain designated airspace in the North Atlantic.

This action will extend RVSM to the Pacific. This rule will also

enhance airspace capacity, will permit operators to fly more

fuel/time efficient tracks and altitudes, and will enhance air

traffic controller flexibility by increasing the number of

available flight levels, while maintaining an equivalent level of

safety.

The FAA estimates that this final rule will cost U.S. operators

$21.7 million for the ten-year time period 2000-2009 or $19.5

million discounted. Estimated benefits, based on fuel savings

for the commercial airplane fleet over the years 2000 to 2009,

will be $120 million, $83.8 million discounted.

The FAA has determined that the amendments will not affect a

substantial number of small entities. The proposed amendments

will have no impact on international trade for either U.S. firms

doing business overseas or foreign firms doing business in the

United States. The FAA has determined that the requirements of

Title II of the Unfunded Mandates Reform Act of 1995 do not apply

to this rulemaking.
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I. tratjon

This document contains a regulatory evaluation for a final rule

to reduce the vertical separation minimum (RVSM) from 2,000 feet

to 1,000 feet for airplanes operating between flight levels

29,000 (FL 290) and 41,000 (FL 410) in the Pacific airspace.

The rule will impose additional aircraft and operator

requirements. These requirements include: meeting the specified

altimetry system error, having an automatic altitude keeping

capability, and having an altitude alert system. These

requirements must also be verified and maintained for RVSM

operations in Pacific airspace. RVSM was successfully

implemented in the North Atlantic (NAT) on March 27, 1997 and is

scheduled for implementation in Pacific airspace in February

2000.

In addition to the regulatory evaluation, this document also

contains a regulatory flexibility determination, which analyzes

the economic effect of the final rule changes on small entities

as required by the Regulatory Flexibility Act of 1980; an

international trade impact statement, which is required by the

Office of Management and Budget (OMB), and an Unfunded Mandate

Assessment, which is required by the Unfunded Mandates Reform Act

of 1995.
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The appropriate amount of vertical separation standard above

Flight Level 290 has been a matter of discussion since the mid-

1950s. Originally, the vertical separation standard was 1,000

feet at all altitudes, and high altitude flight was possible for

only a small number of military aircraft. Advances in technology

eventually gave transport and general aviation aircraft the

ability to operate at higher altitudes, resulting in increased

traffic along high altitude route structures. In the 195Os, a

vertical separation minimum of 2,000 feet was arbitrarily

established between airplanes operating above FL 290. This

minimum is specified in § 91.179 for continental U.S. airspace.

As the number of airplanes capable of operating at higher

altitudes increased, the number of aircraft operations at the

higher altitudes also increased This increased number of

operations at higher altitudes, together with worldwide fuel

shortages and increasing fuel prices, sparked an interest in the

early 1970s in implementing a reduced vertical separation minimum

above FL 290. In 1973, the Air Transport Association (ATA)

petitioned the Federal Aviation Administration (FAA) for a rule

change to reduce the vertical separation minimum for aircraft

operating above FL 290 to the original separation standard of

1,000 feet. The petition was denied in 1977 in part because (1)

airplane altimeters had not improved sufficiently, (2) improved
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maintenance and operational standards had not been developed, and

(3) altitude correction equipment was not available in all

airplanes. In addition, the cost of re-equipping certain

aircraft was considerable. On the basis of all available

information, the FAA decided that granting the petition at that

time will adversely affect safety.

Improvements in altimetry system performance, which began in the

early 197Os, provided renewed impetus to reduce the vertical

separation standard above FL 290. Air data computers provided an

automatic means of correcting the known static source error which

resulted in improved aircraft altitude-measurement performance.

Altimeters were improved with enhanced transducers or double

aneroids for computing altitudes. In addition, the advent of

Mode C altitude data sent via a transponder, allowed air traffic

control (AX) with secondary surveillance radar to monitor flight

levels.

Thus, in 1982, member States of the International Civil

Organization's (ICAO) Reduced General Concept of Separation Panel

initiated programs to study the feasibility of safely reducing

the vertical separation minimum at and above FL 290. These

programs included studies of precision radar data to analyze

aircraft vertical performance, performance requirements necessary

for safe implementation of a l,OOO-foot vertical separation

minimum above FL 290, and collision risk methodology to
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statistically evaluate the safety of future operations in a

reduced separation environment. The results showed that the risk

associated with operating in the RVSM environment will be

acceptable. The overall risk established for RVSM is 5 fatal

accidents due to midair collisions, per billion flying hours.

The equipment related risk is 2.5 fatal accidents due to midair

collisions, per billion flying hours or one midair collision

every 100 to 150 years. A further discussion of this is found

Appendix A.

In conclusion, these improvements have provided renewed impetus

to investigate reducing the vertical separation standard above

FL 290 again.

III.

This final rule will revise part 91.706, appendix G, section 8 by

permitting the reduction in vertical separation minimum from

2,000 feet to 1,000 feet above FL 290 up to and including FL 410

in designated Pacific airspace in addition to the NAT. The final

rule will require airplanes and operators' equipment to be

periodically verified and maintained for RVSM operations. The

rule will also require additional aircraft to meet altimetry

system error requirements, automatic altitude keeping

requirements, and altitude alert system requirements to qualify

for RVSM operations.
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The FAA received comments on the proposed rule from 6

organizations. The comments contained no economic implications

and after consideration of the comments submitted in response to

the final rule, the FAA determined that no further rulemaking is

necessary.

*I V .  C o s t s

The analysis described in this regulatory evaluation is based on

the following assumptions:

All costs and benefits are presented in 1999 dollars.

Projections of the current air carrier and general

aviation fleet populations are current as of 1999.

A discount rate of 7 percent is applied.

Benefits and costs of RVSM implementation will begin to

accrue in 2000.

Airplane operator and ATC costs will begin to accrue in

2000; therefore, the IO-year period examined in this

regulatory evaluation is 2000 through 2009.

The implementation plan may call for phasing in RVSM

initially only on a limited number of flight levels.

However, this analysis assumes that there will be no

phased implementation period.
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A .  C o s t s

The cost of the following elements of RVSM implementation will be

considered:

0 Aircraft Airworthiness Approval

0 Monitoring

0 ATC

Under the final rule, Pacific operators seeking RVSM approval,

will be required to ensure that their airplanes meet various

equipment and altimetry system requirements. These requirements

are contained in manufacturers' service bulletins that have been

developed for each specific airplane type. The estimated costs

associated with these requirements are grouped by airplane types

for both commercial and general aviation (GA) aircraft (See Table

1) l
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Table 11. Manufactures’  Service  Bulletin  Completion  Costs
Type Series Estimate Source Comments
8747 100/200 $ 58,373  FAA Suwey  12197 and Oceanic Working

Group (OWG)  Survey  6/97
B747 400 $ 33,333 OWG Survey 6197
B757 $ 50,714  FAA Survey 12197 and OWG  Suwey  6/97
DC10 $ 2,235 OWG Survey 6197
MD11 $ 2,235  Engineerina  analysis, same as DC10
DC8 $285,714  FAA Survey 12197
LIOI $ 20,000 OWG Suwey  6197
B767 $ - Manufacturer Visual inspection only
8777 $ - Manufacturer Visual inspection only
A300 $ - Manufacturer Visual inspection only
A330 $ - Manufacturer Visual inspection only
A340  1 I $ - IManufacturer IVisual  inspection only I

CL60  IA
CL60  3A13R
CL60 604

$ 62,500.OO  Manufacturer
$ 17,500.OO Manufacturer
s - Manufacturer

GULF G4
GULF G3
GULF G3

$ 14,OOO.OO  Manufacturer
$ 14,OOO.OO  Manufacturer
$197,000.00  FAA Suwey  Q/97

S/N 427 and higher
S/N 426 and lower

I I
G U L F  1 G2 I $189,500.00(Manufacturer I I

F2TH
F900

$ 15,OOO.OO  Manufacturer
$ 15.000.00  Manufacturer

FA50 1
I

FA20 1
1 $200.000.001Manufacturer
I . I I

[ $ 15,000.001Manufacturer
I I
I

I

H25B $ 19,OOO.OO  Manufacturer

I
LJ60 I

I I
1 $13.000.00~  Manufacturer

I
I I

c750 s 0.00 ManufacturerI
c650 1

I I
1 i 22,000.OOlManufacturer I 1

These estimates represent the cost of the engineering work

associated with making an airplane RVSM compliant or the

airworthiness approval cost.



To determine the number of U.S. operators in the Pacific and the

type of airplanes they operate, a sample of the FAA's Enhanced

Traffic Management System (ETMS) data from Pacific oceanic

airspace was studied. ETMS data is comprised of actual aircraft

traffic data that identifies operators, aircraft types, and the

frequency of operations. For the US commercial carriers, the

Pacific operators and airplane type information from ETMS data

was combined with projected airplane fleet data from an FAA

Pacific RVSM survey and approved NAT aircraft data from the NAT

Central Monitoring Agency (CMA). The results of this analysis

provide the number of operators and airplanes that will need to

be airworthiness approved or upgraded for RVSM, by aircraft type,

for each US Pacific operator (See Table 2).



Table 2. Commercial  Aircraft Upgrade  Costs
I

AC

Type

AC Series ITotal  Fleet Oper i n  F u t u r e  RVSM T o $’ per A/C Total
PAC Oper in Approved Upgrade

PAC
6 8 0 6 $ 50,714.29 $ 304‘285.71

Airline/Operator

IAmerican Airlines B757
181 161 01 181 $ 2.235.291  $ 401235.26DC10

,MDll s 6 7 19 0
6 6 8 0American Trans Air B757

w
3 3 13 0
9 9 2 7 $ 58,373.ll $ 408,611.74American

International
100/200 9

'LIOI 1
~B747
~DCIO

6 6 2 4 $ 20,000.00 $ 80,OOO.OC
4 4 0 4 $ 58.373.11 $ 233.492.42Continental
3 3 30 0

23 23 5 18 $ 20.000.00 $ 360.000.00Delta Airlines ~LIOII
IMDi 1 73-p 8 8 15 0

7 7 0 7 $285,714.29 $2,000,000.0tlDHL Worldwide
Express
Evergreen
International
FedEx Corp

1~~8

;::y200 j I I 11 9 2 $ 58,373.ll $ 116,746.21

22 22 21 1 $ 2,235.29 $ 2,235.29

B747

IDCIO
lM~l1I 381 381 221 161 $ 2.235.291  $ 35.764.64

Gemini
Atlas Air
Hawaiian Airlines
Northwest Airlines

IDCIO 61 61 01 61 $ 2,235.291  $ 13,411.76
1B747
IDCIOI 221 221 101 121 $ 58.373.11 I $ 700.477.27

101 111 01 101 $ 2,235.291  $ 22,352.94
18747 400 I IO 101 121 101 01 I
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As previously mentioned, many GA operators have been approved for

RVSM operations on the basis of actual or potential NAT flights.

Of the GA aircraft capable of RVSM operations in the Pacific,

there were 903 airworthiness approved for RVSM for the NAT as of

7 May 1999 (See Table 3).

The Pacific RVSM Task Force Project Plan projected that GA

operators will start seeking approval for Pacific operations in

the fall of 1999. Operators' approval experience gained during

the NAT RVSM implementation has shown that GA operators will seek

RVSM approval after service bulletins are released for their

11



airplanes regardless of what airspace they operate in'. GA

operators will seek approval in order to have the flexibility to

operate in any airspace where RVSM has been applied. In other

words, GA operators will seek approval for RVSM operations in

order to have the flight planning flexibility that RVSM offers,

not specifically because operations are planned in RVSM airspace.

To account for those airplanes seeking approval for NAT

operations, the current observed NAT aircraft approval rate for

each aircraft type can be applied for the period fall of 1999 to

February 2001 (See Table 3). The FAA assumed that airplanes will

be approved specifically for Pacific RVSM operations during the

period from fall of 1999 to February 2001. The number of these

Pacific approvals will be 50% of the observed aircraft approval

rate for each aircraft type or half of the remaining unapproved

aircraft population.

Any maintenance associated with maintaining aircraft readiness to

operate in the RVSM environment will be part of the currently

established maintenance/continuous airworthiness program for an

operator as documented in the individual airplane service

bulletin. There will be no added cost.

Operational program requirements include flight crew training to

ensure familiarity with RVSM operations. Such training will be

conducted through the publication and distribution of an RVSM

' GPS-Based Monitoring System Operations Coordinator February
12



bulletin. The cost of the bulletin is estimated to be $500 for

each operator or $107,000 for 17 commercial and 197 GA operators.

2. mitorbg Cw

In 1988, the ICAO Reduced General Concept of Separation Panel

(RGCSP) agreed that the target level of safety (TLS) should be

2.5 fatal accidents due to midair collisions in 10' flying hours

(or approximately one midair collision every 100 to 150 years)

for determining equipment requirements.2  To ensure that the TLS

is not exceeded, it is necessary to monitor the occurrence of

total vertical error (TVE) and other parameters that are critical

to safety assessment (e.g., lateral and longitudinal overlap

probability). A monitoring system has been developed to monitor

TVE and produce estimates of aircraft and flight level geometric

height.

The Pacific monitoring program will use the global positioning

system (GPS)-based monitoring system (GMS) that was developed for

NAT RVSM operations by the FAA. A CMA will also be required to

oversee the monitoring system and determine the overall height-

keeping performance of airplanes operating in the Pacific.

1998
2 .

ICAO, RGSP. iofal C-t of Se--at= Pad,*
M e e t - Volume 1, December 1988, ICAO Dot. 9536, RGSCP/G.
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At present, the GMS staff is monitoring approximately 40

airplanes in a month at a cost of $120,000 or $3,000 per airplane

(GMS Technical Manager estimate). Only one data collection

period or monitoring flight is required for each aircraft that is

being used to satisfy the monitoring goal. For example, if the

operator goal is 2 aircraft, any 2 aircraft from that operators'

approved fleet will be monitored one time each. The Pacific

monitoring goals can be summarized as follows:

0 For operators with prior RVSM experience: 2 airplanes of

each type are required to be monitored.

0 For operators with no prior RVSM experience: 3 airplanes

of each type are required to be monitored.

Applying the monitoring goals to the Pacific commercial airplane

fleets determined from traffic analysis yields the estimate

contained in Table 4. The GA operators' monitoring estimate in

Table 4 is the number of airplanes estimated to be upgraded for

Pacific operations from Table 3.

14



Table 4. RVSM Monitoring  Estimate I
Airline/Operator AC AC Future Aircraft # of cost @

Type Series Aircraft in Monitored Aircraft $3K each
PAC From NAT Requiring

Monitoring
American Airlines 8757 200 ER 8 0 2 $6,000

DC10 16 0 2 $6,000

MD1  1 7 19 $0

The cost to complete the monitoring of the U.S. Pacific airplane

fleet will be $678,000 in 1999 dollars.
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A CMA will be responsible for coordinating with ICAO member

states and tracking the overall performance of the monitoring

system. The FAA's William J. Hughes Technical Center will

fulfill this function on behalf of ICAO. The total monitoring

cost over 15 years will be $678,000 or $664,982 discounted.

RVSM implementation in the NAT has shown that controller workload

will decrease and training for RVSM can be accomplished during

the existing training cycle. Air traffic control will experience

no additional cost in implementing RVSM in the Pacific.

Based on NAT experience, it is expected that the airworthiness

approval implementation costs for the commercial carriers will

occur as follows:

l 80% of costs 1 year prior to implementation

l 20% of costs 1 year after implementation

The FAA expects that 80% of the monitoring costs associated with

implementation will occur in the year prior to implementation and

10% will occur in each year after implementation. For GA

aircraft, the costs are expected to occur in equal amounts 1 year

prior to, 1 year after, and 2 years after implementation. The

16



training costs are expected in the year prior to implementation.

The FAA estimates that the total cost will be $21.7 million or

$19.5 million discounted over 10 years (See Table 5).

Table 5. lnplementation  Costs

Commercial GA A/C Total Training/ Total Discount Discounted
A/C Upgrade Upgrade Upgrade Monitoring Rate Total

Factor @
7%

2000 $6,642,800 $4,227,733 $10,870,533 $649,400  $11,519,933 0.935 $10,771,137
2001 $1,660,700 $4,227,733 $5,888,433 $67,800 $5,956,233 0.873 $5,199,791
2002 $4,227,733 $4,227,733 $67,800 $4,295,533 0.816 $3,505,155
2003 0.763
2004 0.713
2005 0.666
2006 0.623
2007 0.582
2008 0.544
2009 0.509

~Total $8,303,500 $12,683,201  $20,986,699  $785,000 $21,771,699 $19,476,083

17



The FAA concludes that implementing RVSM will offer operational

benefits to operators. A detailed discussion of how safety is

maintained is discussed in Appendix A. Estimated benefits, based

on fuel savings for the commercial airplane fleet over the years

2000 to 2009, will be $120 million, $83.8 million discounted.

The greater availability of fuel-efficient altitudes and the

utilization of efficient cruise climbs will yield fuel savings

for commercial operators. No quantifiable benefits are assumed

for GA aircraft operators since they typically get their optimum

altitude in the current system. To calculate the quantifiable

benefits of improved fuel consumption, The MITRE Corporation

completed a study of RVSM benefits that estimated the daily fuel

savings for all U.S carriers in the Pacific region to be 49,048

gallons. The study is documented in Appendix B. Total annual

savings presented in Table 6 were determined by multiplying the

product of the daily fuel savings, 49,048 gallons (see Appendix

a I and 365 days, by the international jet fuel price of $0.68

per gallon (U.S. Department of Transportation, Federal Aviation
. .Administration. FAA Aviaten Forecasts Years 1999-2aos) .

In order to account for the February 24, 2000 implementation

date, 310 days was used to calculate the savings for 2000.

18
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Table 6. Fuel Savings

2001 $12,173,714 0.873
2002 $12.173.714 0.816
2003 $12,173,714 0.763
2004 $12.173.714 0.713
2005 $12,173,714 0.666
2006 $12.173.714 0.623

1 20071 $12,173,7141 0.582

$9,288,544
$8,679,858

--%a
$7,085,1021

1 20081 $12.173.7141 0.5441  $6.622.5Od
1 2009) $12,173,7141 0.5091  $6,196,420)

Total $119,902,744 $83,793,007

V.

The FAA estimates that this final rule will cost U.S. operators

$21.7 million for the ten-year time period 2000-2009 or $19.5

million, discounted. Estimated benefits, based on fuel savings

for the commercial aircraft fleet over the years 2000 to 2009

will be $120 million, $83.8 million discounted.
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VI.

The Regulatory Flexibility Act of 1980 establishes N as a

principle of regulatory issuance that agencies shall endeavor,

consistent with the objective, of the rule and of applicable

statues, to fit regulatory and informational requirements to

the scale of the business, organizations, and governmental

jurisdictions subject to regulation." To achieve that

principle, the Act requires agencies to solicit and consider

flexible regulatory proposals and to explain the rational for

their actions. The Act covers a wide-range of small entities,

including small businesses, not-for-profit organizations and

small governmental jurisdictions.

Agencies must perform a review to determine whether a proposed

or final rule will have significant economic impact on a

substantial number of small entities. If the determination is

that it will, the agency must prepare a regulatory flexibility

analysis (RFA) as described in the Act.

However, if an agency determines that a proposed or final rule

is not expected to have a significant economic impact on a

substantial number of small entities, section 605(b) of the

1980 act provides that the head of the agency may so certify

and an RFA is not required. The certification must include a

20



statement providing the factual basis for this determination,

and the reasoning should be clear.

A review of the Pacific traffic data shows that no small

entities operate in Pacific oceanic airspace where this rule

applies. The Small Business Administration definition of a

small Air Transportation entity is a business with less than

1,500 employees. The FAA has also examined the impact of this

rulemaking on small commercial operators of business jet

aircraft and found that such operators are all commuter or air

taxi operators that do not operate in Pacific oceanic

airspace. This information was developed using the FAA

database of U.S. registered aircraft and operators.

The FAA has determined that there are reasonable and adequate

means to accommodate the transition to RVSM requirements,

particularly for general aviation operators (many of whom are

small). As of May 1999, 50% of the U.S registered GA

airframes that are capable of conducting oceanic operations

were approved for RVSM. Operators of such aircraft have

already obtained approval in order to operate in the NAT.

The FAA conducted the required review of this rule and

determined that it will not have a significant economic impact

on a substantial number of small entities. Accordingly,

21



pursuant to the Regulatory Flexibility Act, 5 U.S.C. 605(b),

the Federal Aviation Administration certifies that this final

rule will not have a significant impact on a substantial

number of small entities.

The provisions of this rule will have little or no impact on

trade for U.S. firms doing business in foreign countries and

foreign firms doing business in the United States.

VIII. es Assessme

Title II of the Unfunded Mandates Reform Act of 1995 (the Act),

enacted as Pub. L. 104-4 on March 22, 1995, requires each Federal

agency, to the extent permitted by law, to prepare a written

assessment of the effects of any Federal mandate in a proposed or

final agency rule that may result in the expenditure by State,

local, and tribal governments, in the aggregate, or by the

private sector, of $100 million or more (adjusted annually for

inflation) in any one year. Section 204(a) of the Act, 2 U.S.C.

1534(a), requires the Federal agency to develop an effective

process to permit timely input by elected officers (or their

designees) of State, local, and tribal governments on a proposed

"significant intergovernmental mandate." A "significant

22



intergovernmental mandate" under the Act is any provision in a

Federal agency regulation that would impose an enforceable duty

upon State, local, and tribal governments, in the aggregate, of

$100 million (adjusted annually for inflation) in any one year.

Section 203 of the Act, 2 U.S.C. 1533, which supplements section

204(a), provides that before establishing any regulatory

requirements that might significantly or uniquely affect small

governments, the agency shall have developed a plan that, among

other things, provides for notice to potentially affected small

governments, if any, and for a meaningful and timely opportunity

to provide input in the development of regulatory proposals.

This final rule does not contain a Federal intergovernmental and

private sector mandate that exceeds $100 million a year,

therefore, the requirements of the act do not apply.
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APPENDIX A



The Federal Aviation Administration William J. Hughes

Technical Center measured the change of safety by using work

developed by North Atlantic Systems Planning Group (NATSPG)

and International Civil Aviation Organization's (ICAO) Reduced

General Concept of Separation Panel (RGCSP).3 They used the

Reich4 collision risk model, which expresses risk in terms of

specific quantifiable parameters. A detailed description of

the model is found in the Pacific RVSM Guidance Material.

The basic element of the risk evaluation method is the target

level of safety (TLS), which expresses the level of risk

deemed acceptable. The TLS is an index against which the

calculated risk can be compared to help determine if

operations in the airway system under consideration are safe.

The TLS for this application represents the expected number

of fatal accidents per aircraft flight hour in a given airway

system due to decreased vertical separation between aircraft

at adjacent flight levels. Because separation standards are

meant to control fatal accidents, the TLS is expressed in

units of fatal accidents rather than the severity of the fatal

accident.

3 See Reviewof Concept of Separation
etlw Volume 2, December 1988, ICAO Dot. 9536,

RGCSP/G.

4 See Pacific RVSM Guidance Material, January, 1999
A-2



The current TLS of 2 fatal accidents per 100 million flight

hours has been used in the Minimum Navigation Performance

Specification airspace since the late 1970s.' The Pacific

Guidance Material states that through examination of U.S.

accident data and related information, such as historical

data, midair collision data, and near-midair collision data, a

regional TLS of 2.5 fatal accidents in 1,000 million flying

hours resulting from l,OOO-ft vertical separation was

established with the required equipment. This TLS is an order

of magnitude more stringent than the current level.

Therefore, it was determined that the risk associated with

operating in the RVSM environment will be acceptable.

The method described for implementing this 1,000-foot vertical

separation standard was based on collision risk modeling and

an accepted level of safety. A period of 100 to 150 years

between midair collisions is considered acceptable in high-

density traffic areas. If the same separation standard were

applied to the North Atlantic airspace, where traffic density

is relatively low, the standard theoretically could result in

a period of approximately 700 years between midair collisions.

5 Brooker, P., and Ingham, T., wet~evels of Safety
for C-01 1 esi Ai rspacle I CAA Paper 77002, February 1977.
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Abstract
This document is intended to support the Federal Aviation Administration (FAA)

Rulemaking Process for Reduced Vertical Separation Minimum (RVSM) implementation in
the Pacific. The FAA plans to implement RVSM in the Pacific Region on 24 February 2000.
Oakland and Anchorage Air Route Traffic Control Centers (ARTCCs) are the two U.S.
facilities that would be affected by this klplementation. The purpose of this report is to
document the analysis of projected RVSM benefits for U.S. air carriers and to identify
potential implementation issues that need further examination.

KEYWORDS: Oceanic, Separation, RVSM,  Benefits, Approved RVSM Aircraft, Non-
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Section 1

Introduction

In the FAA’s Strategic Plan for Oceanic Airspace Enhancements and Separation
Reductions [ 11, RVSM implementation ih the Pacific is identified as a high priority
separation initiative with a planned implementation of 24 February 2000. This plan
describes the FAA’s high level strategy to support the overall Oceanic Air Traffic
Management (ATM) System improvements, while the Management Plan and
Implementation Plans describe the lower level activities and the specific implementation
details. In order to implement any separation reduction in oceanic airspace, the International
Civil Aviation Organization (ICAO), through a cooperative process, must establish the
standards and recommend procedures (e.g., Dot 7030,)  that will be applicable in the
designated airspace regions. The ICAO guidelines for RVSM in the Pacific have been
drafted and if adopted by the member states, the U.S. would be responsible for RVSM
application in its allocated airspace. In order to realize the potential benefits of RVSM,  it is
imperative that Civil Aviation Authorities (CAAs) responsible for neighboring Flight
Information Regions (FIRS) in the Pacific have common or complementary RVSM
operations. In addition, the air carriers must understand the impact to their operations and
ensure that the planned RVSM operations are consistent with expectations.

1.1 Background
The FAA plans to implement RVSM in the Pacific on 24 February 2000 from FL 3 10

through FL 390 for approved aircraft throughout the Oakland and Anchorage oceanic FIRS.
The ultimate goal is to increase the number of available flight levels, enhance airspace
capacity, permit operators to fly more fuel/time efficient tracks and altitudes, and enhance
Air Traffic Control (ATC) flexibility in crossing situations and in responding to pilot
requests. Other benefits include the ability for flights to enter oceanic airspace at more
efficient altitudes, reduction in speed control measures to separate aircraft, availability of
added track flight levels, increased controller flexibility to clear aircraft for more efficient
step climbs, and increased controller flexibility to route aircraft to appropriate tracks.

This benefits analysis is predicated on a set of assumptions for how RVSM could be
implemented in the U.S. FIR. Any change to these assumptions could impact the results of
the benefits analysis. Recent developments have indicated that other implementation
strategies are under consideration including the addition of flight levels for track loading and
a phased application by geographical sub-divisions (e.g., North Pacific [NOPAC],  Central
East Pacific [CEP],  Central Pacific [CENPAC], South Pacific [SOPAC]). The basis for -
some of these other alternatives are rooted in current, unresolved issues (e.g., RNP-10  in the
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CEP, use of additional altitudes). An assessment of these other alternatives will be necessary
to identify the impact to user benefits as well as ATC operations. It is important to recognize
that the potential benefits of RVSM in the Pacific are dependent on developing
complementary implementation strategies with neighboring FIRS.

1.2 Scope
In support of the U.S. Rulemaking Process, an analysis is needed of the projected benefits

to U.S. air carriers with regard to the implementation of RVSM in the Pacific. Rulemaking
allows for early buy-in from all involved parties, policy setting, establishment of priorities,
and resolution of issues. Since the implementation strategy will exclude non-approved
RVSM aircraft from filing a flight plan between Flight Level (FL) 3 10 and FL 390 in RVSM
designated airspace, it is important that these users understand the impact to their operations.
For the purpose of conducting a benefits analysis for U.S. air carriers throughout the oceanic
FIRS, it was assumed that the neighboring FIRS would implement RVSM in the same manner
as proposed by the U.S.

The data collected to date indicates that 98 percent of the flights operated by U.S. air
carriers in the Pacific will be approved for RVSM by February 2000 [2]. U.S. air carriers are
anticipating that the RVSM benefits in the Pacific will be similar to those achieved in North
Atlantic (NAT). It is important to note that the actual benefits realized by U.S. air carriers
will depend on the specific use of RVSM in the Pacific.

This paper presents the benefits analysis of RVSM implementation in the Pacific for U.S.
air carriers based on a set of baseline assumptions identified in Section 2.2 regarding a
particular implementation strategy. It is important to note these implementation assumptions
do not fully support the ultimate RVSM goals identified in Section 1.1 and would require
further analysis.

The results of the benefits analysis are quantified in terms of flying time saved,
(i.e., delay reductions), fuel savings, fuel penalties, and opportunities for additional step
climbs. The benefits are measured along the route of flight throughout the entire oceanic
airspace (i.e., U.S. FIR oceanic airspace and Foreign FIR oceanic airspace). These benefits
are driven by the specific application of RVSM as assumed in the analysis. The impact to
U.S. Military, U.S. General Aviation, and Foreign Carriers are excluded from this particular
benefits analysis.
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Section 2

Benefits Analysis

The following sections provide the approach and set of assumptions used to conduct the
RVSM benefits analysis for U.S. air carriers that operate in the Pacific Region.

2.1 Approach
This section describes the approach used to conduct the benefits analysis, including the

data used for the analysis and a description of the Center for Advanced Aviation System
Development (CAASD) fuel burn model and associated pre and post processing of data.
Benefits, as well as penalties, were determined based on a set of criteria regarding fuel usage,
step climbs, and delays under pre-RVSM and post-RVSM conditions. These parameters
were estimated based upon an analysis of the results from previous oceanic benefit studies
that utilized the CAASD oceanic implementation of the FAA fuel burn model. The flight
paths of aircraft utilized in the model have typically been based on actual position reports
extracted from Oceanic Display and Planning System (ODAPS)  System Analysis Recording
(SAR) data. The intent of this analysis, however, required that the benefits be calculated not
only through the U.S. oceanic FIR but throughout the entire oceanic airspace which includes
foreign FIRS.

Since ODAPS does not have the position data for aircraft outside of its airspace, there
would not be sufficient information to determine the full oceanic flight paths. Also, for
aircraft that did not traverse Oakland airspace, there would not be any data in the Oakland
ODAPS database. Since no equivalent data was directly available from the Anchorage
Offshore Computing System, it was determined that Enhanced Traffic Management System
(ETMS) recorded data would be utilized to account for those flights in the Pacific.

A significant change was made to the model that allowed for the creation of flight
trajectories from flight plan information as opposed to position reports. In order to
accomplish this, a significant number of fixes and lat/longs  had to be defined for purposes of
creating the trajectory. It is recognized that the filed flight plan may not represent the actual
path taken by the aircraft. However, for purposes of this analysis, the flight plan offered the
best source of data and does reflect the original preferred route. Aircraft that do not traverse
either Oakland or Anchorage airspace were not included in the simulation due to lack of data.
Altitude profiles, when available in the filed flight plan, were used in simulating the path of
the aircraft. When altitude profiles were not contained in the flight plan, a reasonable profile
was manually inserted based on projected weight and optimum profile. Specific weights for
each flight were not available and had to be estimated based on an assumed maximum weight
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(for the general aircraft type) adjusted for the flight time from the origin airport to the
oceanic entry fix.
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ATC operations as denoted through filed flight plans, were examined for the dates listed
below.

l 10,18and25May1998

10,22,23  and 25 July 1998

The original plan was to examine trartic data for several days in January 1998 rather than
May 1998,  in order to account for seasonal variations of the traffic flows. However, during
the process of extracting January ETMS  flight data for Anchorage, it was realized that the
data did not reflect current operations on the NOPAC tracks. The reason for this difference
was that RNP- 10 had not yet been implemented in January. Because some of the traffic
flows changed as a result, it was necessary to forgo the January data in order to analyze
traffic flows that represented current ATC operations. The May dates were selected as a
reasonable compromise that offered the earliest use of data while providing some time to
allow traffic and procedures to settle after RNP- 10 implementation on 23 April 1998.

Flight plan data was extracted for seven days from ODAPS SAR data for Oakland (ZOA)
and for two days from ETMS  data for Anchorage (ZAN). Due to various problems with
extracting ETMS  data, only 18 May and 25 July data were utilized to account for ZAN
traffic. It was necessary to use the one day in May as representative of the other two days in
May and the one day in July as representative of the other three days in July.

Wind data was only available for Oakland airspace for the selected days. Wind data for
Anchorage and Japanese airspace could not be obtained. In order to determine whether this
would significantly affect the results the fuel bum model, the model was run with and
without wind data for RVSM and no RVSM conditions. The results of this showed a
negligible difference and therefore, wind information was not factored into the simulation.
As a side note, a wind speed difference of one knot will vary the fuel burn for a seven hour
flight by 40 gallons.

The CAASD fuel bum model consists of two functional parts: fuel computation and
flight simulation. The fuel computation is based on a set of equations to determine the effect
of thrust, drag, weight, etc., on fuel consumption. The coefficients of each aircraft type must
be provided to the model as well as each aircraft’s weight, speed, and altitude. The flight
simulation is based on a simple queuing model of a matrix of fixes and aircraft flying from
fix to fix. The simulation provides conflict-free paths for organizing traffic flows by assuring
appropriate separation at the merging and crossing fixes. The simulation uses longitudinal
separation to space aircraft along a common path where only one aircraft is allowed to
occupy an altitude at a given fix. The model does not employ Mach separation procedures.

At each point where routes merge or intersect, lateral separation between aircraft is
employed. The model converts distance-based lateral separation into an effective time
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separation at such points and is only capable of handling one separation rule. For purposes
of this analysis, the lateral separation rule was 50 nmi  which assumes that all involved
aircraft are RNP- 10 approved. Predicted arrival time differences are compared to the desired
effective time separation at that point, assuming that aircraft maintain their desired paths. If
it is projected that the required separation will be violated, then the second flight is delayed
to resolve the conflict. This action would equate to a speed control measure or crossing
restriction imposed by the controller. Since this does not necessarily reflect how the
controller would handle this situation, these instances are independently reviewed and an
assessment is made regarding whether the effect is significant. If the determination is that an
ATC maneuver would more likely be applied to resolve the conflict, then a manual change is
made to the flight trajectory and the model is run using the modified flight data.

In the vertical dimension, if an aircraft requests a step climb to an altitude that leads to a
conflict, a delay is imposed on the aircraft in order to allow the step climb. If an aircraft
would be in conflict after a step climb and a lower altitude is available, then the aircraft is
climbed one step at each fix until it can climb no higher without a conflict. It is then delayed
until it can achieve the desired altitude. Again, this action would equate to a controller
imposed speed control measure, but may not necessarily reflect how a controller would
handle the situation. These situations are individually assessed and if required, a manual
adjustment is made to the flight trajectory. The model is then rerun using the modified flight
information. In cases where the trajectory change would not affect any other aircraft flowing
behind or below the flight in question, corrections for the affect of a flight profile change can
be made during the post processing.

For purposes of simplifying the model, climbs and descents are permitted only at fixes,
and not at intermediate points along the route. In reality, aircraft climbs do occur at points
other than fixes, but the tendency is for these climbs to be highly clustered around fixes. In
addition, climb requests at intermediate points not contained in the flight plan were not
injected or modeled for either run since these climb requests are based on a number of factors
(e.g., pilot concerns regarding weather) that are not predictable.

2.2 Baseline Assumptions
The RVSM benefits analysis for U.S. air carriers that operate in the Pacific is predicated

on several assumptions as listed below.

’ RVSM approved aircraft fly at or above FL 3 10 through FL 390.

’ Non-RVSM  approved aircraft fly at or below FL 290 or at or above FL 410. Although
other alternatives may be feasible on a case-by-case basis, the benefit analysis did not
attempt to explore these options. In addition, there were no reality checks regarding the
ability for a given aircraft type to have sufficient fuel capacity to fly the longer range
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routes at the non-RVSM flight levels. These issues will be examined under a separate
study.

Track Generation/Advisory would operate as it currently does in Oakland. This means
that the current flight entry levels employed by track generation would remain the same
(i.e., Westbound: 280,  310, 350, Eastbound 290,  330, 370).

l There would be no change to current capacity restraints identified in Facility Letters of
Agreement.

l Wrong Altitude for Direction of Flight (WAFDOF)  would continue to be used to
tactically accommodate pilot requests and to separate traffic when these altitudes are
available.

A specific aircraft type is considered to be either 100 percent RVSM approved or
100 percent non-RVSM approved. In reality, this may not be the case since it is
dependent on several factors including upgrade cost as well as pilot training. An aircraft
type may be approved but is not operated by a crew that has been trained or certified for
RVSM operations. Similarly, one U.S. air carrier may elect to have a particular aircraft
type approved for RVSM while another may opt not to do so. However, for purposes of
this analysis, if an approved RVSM service bulletin or the equivalent was available to
upgrade a particular aircraft type, then the aircraft type was considered approved.

l 50 nmi  Lateral Separation would be implemented in the CEP (i.e., no composite
separation).

In order to minimize the potential increase in controller workload, requests for climbs
would remain at 2000  foot increments. This means that the number of climb requests
should remain about the same and, if workload permits, the controller will grant
1000 foot step climbs in lieu of the 2000 foot climb. This assumption is based on an
Informal Pacific ATC Coordinating Group (IPACG) statement regarding the application
of RVSM implementation: “RVSM will be used for the primary purpose of eliminating
the daily crossing problems with the secondary purpose of providing 1000 foot step
climbs on routes or portions of routes that do not experience daily crossing situations”.

l There should be no impact to ground delays, since the analysis assumes that Track
Advisory is not affected by the implementation of RVSM.

l Approved RVSM aircraft types include:

’ B747

l DC-10
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+ MD-11

l A310

+ B747F

+ A340

+ B767

+ A300

l A340

+ B737

4 B757

+ B767

l c-130

+ B727

’ L-1011

l c-141

+ B777

+ c-5

l All military except as noted in non-RVSM approved

l All general aviation except as noted in non-RVSM approved

. Non-RVSM approved aircraft types include:

+ KC-135

l c-135

+ DC-8

+ DC-9
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Section 3

Results of Benefits Analysis

This section provides the results of the RVSM benefits analysis for U.S. air carriers that
operate in the Pacific.

Table 3- 1 provides a summary of the U.S. air carriers by aircraft type that were analyzed
for the 7-day period.

Table 3-2 indicates that U.S. air carriers comprise an average of 44 percent of the total
number of operations. Of the 1616 operations, Tables 3-3 and 3-4 indicate that 1595 were
RVSM approved and 21 were non-RVSM approved. Although the minimum sample size
needed for conducting the benefits analysis was determined to be seven days, it should be
noted that this is a small sample of actual flight operations. Consequently, it most likely is
not indicative of the variation in flight profiles, aircraft fleet mix, meteorological conditions,
etc. While several flights had repeated improved performance over the 7-day sample, the
actual benefits may vary.

Table 3-3 indicates that the projected RVSM benefit will average 35 gallons per flight. It
is important to recognize that these projected benefits are based on the set of assumptions
identified in Section 2.2 as well as the analysis approach described in Section 2.1. A change
of assumptions or the analysis approach most likely will impact these quantitative results.
For example, the analysis shows that speed and entry altitude changes were among the
largest contributing factors to the benefits. Therefore, it is important that the RVSM benefits
be presented in the context that they were derived.

In addition, the results in this table show a disproportionate penalty shared among the
U.S. cargo carriers as compared to U.S. passenger carriers. A sensitivity analysis was
performed for Federal Express, Polar Air Carrier, Ryan and United Parcel Express, adjusting
downward the gross takeoff weights for these flights and comparing the benefits results. The
results of the sensitivity analysis for a total of 20 flights over the seven days were mixed,
with the flights operating at a reduced gross takeoff weight, realizing a net fuel benefit of 85
gallons. Two carriers, Federal Express and United Parcel realized a benefit from the reduced
gross weight, while the other two carriers realized a larger penalty as compared to operating
with the higher gross takeoff weight.
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Table 3-1. Distribution of All U.S. Air Carriers by Aircraft Type Over a 7 Day Period

U.S. Air Carrier

Alaska

Aloha  Airlines
American Airline8

American
International

American Tram
Air

Continental
Micronesia

Continental

Delta Airlines

Evergreen
International

Federal Express

Gemini Air Cargo

Atlas Air

Hawaiian

Northwest
Airlines

Polar Air Cargo

Ryan

Sun Country

Tram World
United Airlines

United Parcel

Air
Carrier

Designator
ASA

CKS

CM1

COA

DAL

EIA

FDX

CC0

GTI

NWA

PAC

RYN

sex

TWA

UAL

UPS

B727 B737B747  B74A B74B B757 B767 DC10 DC0B727 B737B747  B74A B74B B757 B767 DC10 DC0 LlOlLlOl Ml1Ml1 MD11MD11 MD80MD80 TOTALTOTAL

33 33

22 22

1414 6868 44 4545 131131

1111 55 33 1919

1212 3232 4444

7979 4040 9191 99 219219

55 3535 4040

8282 44 4040 126126

1313 1313

77 5656 6363
88 88

11 11

114114 114114

132132 3232 111111 275275

66 66

99 1515 22 2626
1111 1111

66 aa 1414
11 6767 181181 7878 121121 440440

1818 11 1818 1616 5353
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Table 3-3. Breakdown of RVSM Benefits for All U.S. Air Carrier Approved Aircraft Over a 7 Day Period
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While it is risky to interpret the results of the sensitivity analysis from such a small
sample size, some contributory factors can be mentioned which will aid in the interpretation
of the results for the total sample size. First, the filed flight plan flight profile carry with
them uncertainties at the time of flight planning [3], and cannot account for the uncertainties
such as weather and ATC service along the route of flight. The planned climb points may be
early or late by as much as a waypoint. As a side note, a quick analysis of the position
reports for U.S. cargo carriers indicates that the flight plan altitudes are on average within
1000 feet of the altitude actually flown within the ZOA FIR. This analysis did not consider
the actual portions of the flight outside of the U.S. FIR. When taken across a large enough
sample size, these uncertainties will tend to cancel out and the flight plans may represent a
fairly accurate flight profile. When looking at the U.S. carriers that fly 100 or more flights
per week, the benefit for RVSM is on par with that reported for the entire U.S. fleet. Second,
the fuel bum analysis assumes that the primary consideration for each flight is minimizing
fuel consumption. While flights operating well within their planned block times may
optimize for fuel, flights that are delayed or otherwise time constrained may choose to trade
fuel for minimum flight time. Time did not permit a sensitivity analysis of fuel bum versus
math speed nor an analysis of the distribution of actual flight speeds for various carriers
along the same city pair routes.

Notwithstanding the results of sensitivity analysis, the overall result of the benefit
analysis matches well with expectations from other operational data and rules of thumb. In
today’s Pacific operations, each flight requests on average 1.5 climbs, and 80 percent of
climb requests are granted. Each denied climb request increases the fuel consumption by one
per minute per 2000 feet of altitude denied. If the average flight length is 7 hours, and climbs
are distributed along that flight length, a flight which is denied a climb would on average be
flying 2000  feet lower than desirable for 3.5 hours. If 20 percent of the requested climbs
were denied, an average loss of 64 gallons would be realized by each flight. If RVSM is only
applies when a 2000-foot climb is denied, the flight would be expected to gain half of that
loss back, allowing the aircraft to fly 1000 feet higher for that 3.5 hour period. RVSM
should then be expected to provide a benefit of 32 gallons per flight on average. This
number compares well with our benefits analysis result of 35 gallons per flight.

Table 3-4 indicates the impact on U.S. air carriers that operate non-RVSM approved
aircraft. It appears that at least one U.S. cargo carrier will incur significant penalties if they
continue to operate non-RVSM approved aircraft. In the pre-RVSM model run, these aircraft
were flying at higher altitudes as filed in their flight plan. With RVSM, these aircraft were
kept at FL 290 or below and as a result, incur a fuel penalty. In the real ATC environment
with RVSM, an ATC controller may be able to assign a higher flight level, if traffic permits.
However, for planning purposes, the flight plan of a non-approved RVSM aircraft cannot be
filed with this higher altitude. It should be noted that in some cases, cargo carriers may opt
to incur a fuel penalty in order to meet their scheduled arrival time.
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As previously mentioned, the results indicate that RVSM may provide an average fuel
benefit of 35 gallons per flight. However, it is recognized that certain attributes of the model
and input data have a direct affect on the projected fuel savings. For example, there were
situations where non-approved aircraft may have blocked approved aircraft from climbing to
their preferred altitudes. This occurred for a small number of the flights (2 per day) that were
operating at lower altitudes even though they were RVSM approved. Without intent
information and suitable planning time available to the controllers, the flow of aircraft
entering oceanic airspace cannot be optimized to enable RVSM altitude access for all the
approved aircraft.

Due to errors in some of the ETMS  and ODAPS SAR data, some flights had to be
removed in the simulation. As a result, these omitted flights could have created additional
conflict situations. In addition some of the input data contained erroneous or incomplete
information and attempts were made to correct this information. However there is no way to
validate whether these corrections were the same as the intended flight data.
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While the data was based on actual, active flight plans, amendments to the flight plans
were not taken into account by the model. It should be recognized that even if the model
utilized these amendments, only ZOA data would be available. In addition, there would be
no way to account for amendments that were marked only on the paper flight strip (i.e., not
entered into ODAPS) or for changes that occurred outside the U.S. FIR. As more aircraft are
approved, without the addition of new flight levels, the fuel benefit to approved aircraft will
decrease. However, if a higher confidence in predictability is achieved, the benefits could
increase if savings can be achieved by lowering crew costs. The most recent discussions
regarding RVSM implementation for right-altitude-for-direction may increase the predictable
minimum altitude achieved on westbound flights.

Uncertainties of transit time can be attributed to either errors in forecasted winds, entry
sequences of aircraft with differing referred airspeeds, or ATC service. Assuming the wind
factor will average out for opposite direction flights if the sample size is large, the entry
configuration and the performance of ATC service are key drivers.

The fuel burn differences between RVSM and non-RVSM altitudes for a given aircraft
type can vary by a factor of two to three depending on the input gross takeoff weight or
planned flight profile. Preliminary error analysis indicates that as much as 30 percent of the
flights may be modeled at heavier weights or higher profiles than may actually be flown.

Other concepts for the use of RVSM could provide different or additional benefits
depending on the application of RVSM by the service provider and the flavors of benefits
desired by the users. The benefit of predictability for the user could multiply the fuel savings
ten fold as the flights could trade revenue cargo for predictable fuel savings. Block times
would also be improved resulting in lower crew costs. The RVSM could also be used for
better predictability of oceanic entry altitudes.

One alternative under investigation would be to alter the westbound altitudes to be even
thousand foot intervals (e.g., 300, 320, 340,  360). The result would be that approximately
80 percent of the flights would be able to enter westbound at 1000 feet higher than was
modeled. This is important because the dispatchers must assume a flat oceanic profile when
fuel planning a flight, since climbs cannot be guaranteed in the ocean. The additional
westbound entry altitudes would provide an average fuel savings of 60 gallons per flight.
This would be an additive fuel benefit to the 35 gallons for a total savings of 95 gallons. It is
important to note that the entry altitudes have not been determined at this time and that
further analysis is needed to identify user preferences. This will be part of a subsequent
analysis.

Finally, since the dispatcher must plan for one appropriate flight level above and below
the ideal entry altitude, if RVSM were used to minimize the contingency altitude planning.
for every 1000 feet from ideal, the average flight could save 2 10 gallons in planned fuel for a
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7 hour flight. This is equivalent to approximately 120 gallons in actual fuel savings. This
would be an additive fuel benefit to the 95 gallons for a total of 2 15 gallons. As a result,
total fuel savings of 95 gallons per flight could be achieved when operating RVSM under this
concept.

In summary, the results of the RVSM benefits analysis must be presented in the content
that they were derived to ensure proper kcerpretation.
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Section 4

Implementation Issues

The RVSM benefits analysis was based on an implementation scheme that has
subsequently evolved and may not reflec: the initial or final RVSM implementation. Based
on the set of assumptions identified in Section 2.2, it appears that there will be a small
RVSM fuel benefit. This appears to be a conservative estimate based on the set of
assumptions and the preliminary error analysis. While this benefits analysis is needed to
pursue Rulemaking, it is important that the specific implementation details be developed so
that the impact to ATC operations as well as benefits can be assessed and evaluated prior to
finalizing the detailed plans.

There are a number of alternative implementation strategies and issues as identified
below, that need further analysis before deciding upon a specific implementation approach
for Anchorage and Oakland.

Whether to implement in particular geographical areas (e.g., NOPAC, CENPAC).

Whether to track load by adding one, two, or three additional flight levels.

Whether neighboring FIRS (e.g., Tokyo) would be able to accept more aircraft if track
loading was implemented.

Whether to implement by right altitude for direction of flight (i.e., westbound: even
altitudes, and eastbound: odd altitudes).

Whether there should be time limitations for RVSM application (e.g., consistent with
NOPAC  tracks).

The development of ATC procedures to support contingency plans and phased
implementation options.

Potential impact on Track Advisory.

Potential impact on current weather deviation procedures.

Development of policy/procedures regarding the handling of non-approved aircraft.

Development of transition area procedures and analysis of the impact on controller
workload.

Effect of wake turbulence and impact on procedures.
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The current plan is to discuss these strategies and issues with the sites and prioritize the
order in which they will be further analyzed.
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ARTCC Air Route Traffic Control Centers

ATC
ATM

CM
CAASD
CENPAC
CEP

ETMS

F M
FIR
FL

ICAO
IPACG

NAT
NOPAC

ODAPS

RNP-10
RVSM

SAR
SOPAC

WAFDOF

ZAN
ZOA

Air Traffic Control
Air Traffic Manageme,it

Civil Aviation Authority
Center for Advanced Aviation System Development
Central Pacific
Central East Pacific Region

Enhanced Traffic Management System

Federal Aviation Administration
Flight Information Region
Flight Level

International Civil Aviation Organization
Informal Pacific ATC Coordinating Group

North Atlantic
North Pacific

Oceanic Display and Planning System

Required Navigation Performance- 10
Reduced Vertical Separation Minima

System Analysis Recording
South Pacific

Wrong Altitude for Direction of Flight

Anchorage ARTCC
Oakland ARTCC



APPENDIX C

Daily Fuel Savings Calculation

Total Number of RVSM  Approved U.S. Air Carrier Flights over P-day period 1,595

Fuel Burn w/o RVSM  (all approved U.S. Air Carriers) by day

1 O-May 4,804,028
18-May 4,987,416
2%May 4,462,346

1 O-Jut 5,248,502
22-Jul 5,267,163
23-Jul 4,494,859
25-Jul 5,298,681

Total Fuel Burn w/o RVSM  (7.day  period) 34,562,994
Daily 4,937,571

A. Total Fuel Savings with RVSM  - current operations 56,233

Daily 8,033

B. Total Fuel Savings with RVSM  - westbound entry altitudes at even
thousand foot intervals -

at 60 gallons/flight
Daily
C. Total Fuel Savings with RVSM  - change in fuel planning technique -

120 gallons/flight per 2000  ft savings (1000 above & below)
Daily

D. Cumulative Savings (A + B + C) - over 7-day  period 343,333

Daily 49,048

95,700
13,671

191,400
27,343

A-l
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Filing Contents (ARM)

1.001.1 DPA statements

1.001.2 DPA W 1997
1.001.3 OPA W 1990
1 .oQ1.4 DPA W 1999
1.001.5 WA W 2000

1.002.1 ARM Peer  Award
1.002.2 Awards
1 B02.3 Awards
1.002.4 Awards

1.003.1 Administration

1.004.1 Core Compensation

1.005.1 Customer Service Standards
1 BQ5.2 Customer Service Standards
1.005.3 Response to Customer Service Standards

1.006.1 Drug d Alcohol Abuse

1.007.1 Forms

1.ma.i Furniture
b

2.001.1 Interns

2.002.1
2.002.1

IDP-bcneral
IDP

2.003.1 IPPS

2.004.1 Model Workplace Environment W 1998
2.004.2 Model Workplace Environment Account
2.004.3 MWE ,

2.005.1 Orders, Directories, Checklists

2.006.1 Personnel

Z-007.1 33333

2.008.1 Procurement



2.009.1 Records Management

2.009.2 RM -info-

2.010.1

b
3.001.1

3.001.2

3.001.3

3.002.1 Certificates

3.003-l RSC Evaluation (no tag)

3.004.1 FAA Course

3.004.2 Regulatory Class

3.005.1

3.006.1

3.007.1 FAA Staffing guidelines l&2

3.007.2 FAA Staffing guidelines 162

3.008.1

3.009.1 Streamlining UI Reorganization

3.010.1

Review of Rules&Background

RSC

RSC Updpte  & Review

RSC

Security

Telecommunicating


